Femoroacetabular impingement (FAI) has recently been recognized as a cause of hip pain, labral tears, and cartilage damage in young adults. We determined the sensitivity and specificity of bone scans in diagnosing FAI and describe its findings on nuclear imaging. We prospectively followed 25 patients with hip pain (four bilateral) of greater than 6 months' duration and a positive impingement sign (IS). All patients had plain radiographs and a three-phase bone scan followed by single-photon emission computed topographic (SPECT) images of both hips. We presumed patients had FAI if they had all three of the following findings: hip pain, positive IS, and diagnostic radiographs. Forty-six of the 50 hips had bony abnormalities on radiographs and 26 hips were diagnosed with FAI according to our criteria. Twenty-two of these 26 hips showed an increased uptake on SPECT representing true-positives. There were four false-positives, nine false-negatives, and 15 true-negatives. Sensitivity of bone SPECT was 84.7%, specificity 62.5%, positive predictive value 71%, and negative predictive value 78.9%. Focal uptake was localized to the superolateral acetabular rim and/or anterolateral femoral head-neck junction consistent with the reported intra-articular cartilage hip damage seen in FAI.
Introduction
In the past, hip pain in the young adult has been most commonly associated with osteonecrosis and acetabular labral tears [9, 17] . Although the latter occurs in isolation either as a result of trauma or overuse [10, 11] , recent investigations have noted the majority of labral tears occur in patients with abnormally shaped femoral heads and/or acetabula referred to as femoroacetabular impingement (FAI) [18, 23, 31] . FAI is caused by premature abutment of the femoral head-neck junction with the acetabular rim. This deformity can lead to acetabular cartilage damage as well as hip osteoarthritis [6] . Early diagnosis before the onset of hip arthritis has permitted surgeons to reshape the femoral head with encouraging short-term clinical results [2, 7, 21, 24] .
There are two main types of FAI: (1) cam, which is associated with reduced femoral head-neck offset; and (2) pincer, present with acetabular retroversion with the majority of the patients having both [6, 13] . FAI is diagnosed with impingement signs and limited internal rotation [7] and radiographic signs of femoral head asphericity and/or acetabular retroversion [6, 25] . Additional investigations such as three-dimensional computed tomography and MRI with One or more of the authors (OM) has received funding from Societé Française de Chirurgie Orthopédique et Traumatologique. Each author certifies that his or her institution has approved the human protocol for this investigation, that all investigations were conducted in conformity with ethical principles of research, and that informed consent for participation in the study was obtained. gadolinium arthrography may further characterize femoral head deformity [5] as well as labral abnormalities [16] .
The purpose of this study was first to determine the sensitivity and specificity of bone single-photon emission computed tomography (SPECT) in the diagnosis of FAI. Second, we describe the characteristic findings seen on nuclear imaging in the presence of FAI. Third, we asked whether the bone scans would be positive in a group of patients that had a positive impingement test in the contralateral hip despite the absence of symptoms.
Materials and Methods
We recruited 25 consecutive patients with hip pain of more than 6 months' duration with a positive impingement sign (IS, reproducing the patient's groin pain on hip flexion to 90°, internal rotation, and adduction) and radiographic evidence of FAI. The study group included 22 men and three women with a mean age of 33.9 ± 8.4 years. Thirteen patients reported left hip pain, eight right hip pain, and four bilateral pain. All patients had both hips assessed and examined by the senior author (PEB). All 29 symptomatic hips had a positive IS and five additional hips had a positive IS in the contralateral hip despite the absence of symptoms. We diagnosed FAI in 26 hips when all three findings were present: hip pain, positive IS, and abnormal radiographs. We excluded patients with prior hip surgery, previous fracture, and advanced hip osteoarthritis (Tönnis grade greater than 1 [30] ). Institutional Ethics Review Board approval and informed consent were obtained before patients' enrollment.
Radiographic examination included anteroposterior pelvis as well as bilateral crosstable lateral and Dunn views of the hips [19] . We assessed femoral head asphericity by measuring the a-angle ( Fig. 1A) [22] and the offset ratio [12] (Fig. 1B) . We considered an a-angle greater than 50.5°and/or offset ratio less than 0.15 as diagnostic of FAI [1, 5] .
A three-phase bone scan was performed followed by SPECT images of the hips. The flow to the hips was acquired anteriorly with a framing rate of 3 seconds per frame for 60 seconds immediately after an intravenous injection of 25 mCi of MDP Tc 99 m. Thereafter, a blood pool image of the hips was acquired anteriorly for 600 K. The delayed planar bone scan views were performed within 3 to 4 hours postinjection. The SPECT study was performed on a dual head camera with each head rotating 180°i n a noncircular orbit with continuous acquisition for a total of 64 views or 32 views per head. Each view is acquired for 12 seconds for a total SPECT acquisition time of 15 minutes. Iterative reconstruction software was used to avoid bladder artifact.
All images were recorded on a PACS system with variable intensity display and reported by a board-certified nuclear medicine physician (FR). A positive scan was noted as increased uptake at the acetabulum and/or femoral head-neck junction.
The a-angle and offset ratios are reported as mean ± standard deviation. We calculated the sensitivity, specificity, and predictive values of the bone scintigraphy in the presence of clinical FAI.
Results
The sensitivity of SPECT bone scintigraphy in the diagnosis of FAI was 84.7% with a specificity of 62.5%, a positive predictive value of 71%, and negative predictive value of 78.9% (Table 1 ). Of the 50 hips (25 patients), 46 had reduced femoral head-neck offset with a mean offset ratio of 0.08 ± 0.05 and mean a-angle of 75.8°± 12°. Four hips had a normal offset ratio (0.17 ± 0.03) and a-angle (45.7°± 7°). Of the 29 symptomatic hips, 26 had a diagnosis of FAI by our criteria and three had normal radiographs. Twenty-two of these 26 hips had increased uptake. Of the 24 hips not meeting our criteria for FAI, 15 had a negative scan representing the true-negatives and nine had a positive scan representing the false-negatives.
The characteristic findings seen on nuclear imaging included an increased focal uptake involving the anterosuperior aspect of the acetabulum, the adjacent anterolateral femoral head, or both on SPECT images ( Fig. 2A-D) . The blood flow images did not show any measurable changes and only five blood pool images showed increased uptake suggestive of synovitis.
Five patients with a positive IS and an abnormal anterior head-neck offset did not have any symptoms in the contralateral hip ( Table 2 ; Fig. 3A-D) . Four of these five patients had a positive uptake on bone scan and were therefore among the false-positive results with one now being symptomatic. None of the four hips with normal anterior head-neck offset had a positive bone scan.
Discussion
The young patient with hip pain can represent a diagnostic dilemma for the general practitioner and orthopaedic surgeon. Early investigation often includes radiographs as well as bone scans or MRI looking for common pathologies of the hip, including avascular osteonecrosis and FAI. We present in this study preliminary experience with the use of this imaging modality in the diagnosis of FAI as well as describe the characteristic findings seen on SPECT images. We specifically (1) determined the sensitivity and specificity of bone single-photon emission computed tomography (SPECT) in the diagnosis of FAI, (2) described the characteristic findings seen on nuclear imaging in the presence of FAI, and (3) asked whether the bone scans would be positive in a group of patients that had a positive impingement test in the contralateral hip despite the absence of symptoms. *A positive bone scan represents uptake at the anterosuperior aspect of the acetabulum, the adjacent anterolateral femoral head, or both on the planar bone scan or single-photon emission computed tomographic images; FAI = femoroacetabular impingement. This study has some limitations as a result of the small number of patients as well as the fact that these patients were preselected, ie, working diagnosis of FAI. For example, we do not know the prevalence of positive bone scintigraphy in the normal population. It also brings to light some of the diagnostic dilemmas facing the physician in the interpretation of bony abnormalities associated with FAI in asymptomatic individuals with or without a positive impingement sign. More specifically, how does one interpret our false-positive bone scans in hips with radiographic findings of FAI but without any clinical symptoms? In our study, four of the five hips with preclinical FAI had positive scans, which accounts for our relatively low specificity. However, none of the four normal hips (absence of symptoms and no abnormal shape) had a positive uptake. It is important to note, however, that since the conclusion of the study period, one of the four patients with a positive bone scan is now reporting hip pain in the previously asymptomatic hip and is scheduled for surgery.
The characteristic findings of FAI on bone scan showing focal uptake in the superolateral femoroacetabular junction correlate well with the reported intraarticular hip damage (labral tears, cartilage delamination) seen in patients with FAI [5, 6, 14] . Bone scintigraphy has previously been investigated as a screening test before either MR arthrography or arthroscopy for labral tears by Bruce et al. [8] . They reported patients with a labral tear had hyperemia in the blood pool phase and a specific ''eyebrow pattern'' of uptake along the superior to medial edge of the acetabulum. Furthermore, they also concluded that bone SPECT had a high negative predictive value for symptomatic tears. Because the majority of patients with symptomatic FAI have labral-chondral abnormalities, isolated uptake in the acetabulum could occur in the presence of an isolated labral tear or in association with FAI. Because it is now well recognized that over 80% of labral tears are secondary to FAI, the evaluation of plain radiographs is critical to clearly establish the diagnosis and plan effective treatment because the isolated treatment of labral tears without correction of an underlying structural bony abnormality can compromise the clinical results [18, 31] . Unlike other pathologic conditions of the hip such as hip dysplasia and osteonecrosis, the natural history of FAI has yet to be fully described, and further research is required to determine the best timing of surgery to reduce symptoms and the likelihood of future osteoarthritis. When looking at the natural history of hip dysplasia, Murphy et al. reported a correlation between the severity of dysplasia and the onset of osteoarthritis in the asymptomatic dysplastic hip [20] . With FAI, future longitudinal studies will be required to document if and when the asymptomatic contralateral hips become symptomatic. However, positive bone scintigraphy can be an early indicator of intraarticular cartilage damage that may be present before the onset of symptoms and can therefore provide important clinical information for both the patient and treating physician in terms of counseling. This would be similar to osteonecrosis of the hip, which is present in both hips in over 50% of cases, although the patient is often only symptomatic unilaterally [17] . Finally, although MRI remains the preferred imaging method because of its specificity, it is not widely available worldwide and in some cases such as osteonecrosis of the hip after renal transplantation, SPECT scintigraphy is more sensitive [26] .
Femoroacetabular impingement is now recognized as a source of hip pain in the young, active adult as well as a precursor for the development of osteoarthritis [13, 14] . Several authors have reported good to excellent results in the majority of patients treated for FAI either by chondroosteoplasty of the femoral head-neck junction [2, 7, 24] or pelvic reorientation osteotomy [29] . However, in all of these series, the degree of cartilage damage at the time of surgery negatively influenced the clinical outcome. More importantly, the severity of cartilage damage is in part related to the duration of symptoms [3] and because patients often present with nonspecific groin and/or buttock pain, it is often difficult to confirm a diagnosis of intraarticular hip abnormalities. Burnett and associates [9] reported that, on average, patients with these abnormalities were misdiagnosed in 33% of cases leading to a substantial delay in diagnosis.
Bone SPECT represents a relatively sensitive test to confirm intraarticular hip abnormalities in the presence of FAI. Physicians ordering bone scintigraphy in the evaluation of unexplained bone and joint pain [27] need to include FAI as part of the differential diagnosis. A positive bone scan should lead to further specialized radiographic examination (MRI with arthrography [4, 28] and/or threedimensional CT [5] ) to rule out FAI, because these investigations can then further aid in surgical planning as well as counseling patients on the prognosis of their hip [15] .
